IMMUNOLOGICAL STUDIES WITH THE VIRUS OF INFECTIOUS LARYNGOTRACHEITIS OF FOWLS USING THE DEVELOPING EGG TECHNIQUE by Burnet, F. M.
IMMUNOLOGICAL  STUDIES WITH  THE VIRUS  OF INFEC- 
TIOUS  LARYNGOTRACHEITIS OF  FOWLS  USING 
THE  DEVELOPING EGG TECHNIQUE 
BY F.  M. BUR_NET,* M.D. 
(From the Walter and Eliza Hall Institute, Melbourne, Australia) 
PLATE 46 
(Received for publication, October 23, 1935) 
It has previously been shown (Burner (1))  that the virus of infec- 
tious laryngotracheitis of fowls can be readily propagated on the chorio- 
allantoic membrane of the developing egg, producing in this situation 
lesions characterised by ectodermal proliferation and the presence of 
intranudear inclusions. 
The recognition of the disease in New South Wales by Seddon and 
Hart  (2)  has stimulated further work on these lines with strains of 
Australian origin.  The lesions produced have been studied in greater 
detail than previously in the light of further experience with the devel- 
oping egg technique,  and a  method of detecting the  corresponding 
antibodies has been  developed which has proved  of great  value in 
studying the epidemiology of the disease. 
Material and Methods 
Several strains of virus have been used.  Strains  F and G were received  through 
the courtesy of Dr. H. R. Seddon, Director of the Glenfield  Veterinary Research 
Station, New South Wales.  Strain F has been used in the great majority of the 
experiments; strains S1  and $2 are Victorian strains, obtained from two  fowls 
showing typical symptoms and post mortem findings.  Both came from a poultry 
farm in one of the outer suburbs of Melbourne.  Although  the symptoms were 
typical, this virus appears to possess only a low grade of virulence  since only a few 
deaths which might be attributed  to it have occurred on the farm.  The New 
South Wales strains, on the other hand, were isolated from fairly severe epizootics. 
An American strain B.A.I. was also available which had been received by Dr. 
* Carried out under a grant for work on virus diseases from the Rockefeller 
Foundation and from the  Commonwealth Government Department of Health. 
685 686  VIRUS  OF  INFECTIOUS  LARYNGOTRACHEITIS 
Seddon from Dr. J. R. Mohler, Head of the Bureau of Animal Industry.  Egg 
passages were initiated by inoculating  the eggs with membrane  filtrates made from 
the laryngeal and  tracheal lesions.  An Elford type of gradocol membrane of 
approximately 0.8 # A.~.D. was used for filtration.  The technique of egg inocula- 
tion has been several times previously  described (Burner and Galloway  (3)).  The 
only modification  since introduced has been the substitution of eggs incubated for 
12 days before inoculation in place of 10 day eggs.  The older eggs are much less 
liable to show non-specific traumatic lesions and give more readily counted focal 
lesions.  Once a satisfactory lesion has been obtained, there is no difficulty in 
maintaining continuous passage from egg to egg.  The membranes retain their ac- 
tivity well  when stored in 50 per cent glycerol-Ringer  solution  in the refrigerator. 
Chorioallantoic Membrane Lesions  Produced by  Different  Strains 
of Virus 
The usual method of preparing an inoculum has been to grind up a 
freshly removed membrane showing typical lesions with sterile quartz 
powder  and  about  1  cc.  of  distilled water.  The  emulsion  is  then 
diluted with 5 cc. of ordinary nutrient broth and centrifuged to remove 
quartz, and tissue fragments.  When the supernatant fluid is inocu- 
lated on to an egg membrane in 0.05  co. amount, a  confluent lesion 
results covering most of the available surface.  If the fluid is diluted 
1:10 or  1:100  in saline discrete loci appear.  A  1:100  dilution will 
almost invariably provide a reasonably countable number of foci (from 
10  to  100).  The number of foci is at least roughly proportional to 
the concentration of virus added. 
These  foci can  be  regarded as  analogous to bacterial colonies or 
more closely to bacteriophage plaques, and like them can be used both 
for qualitative characterisation of the virus and for its quantitative 
estimation. 
The appearance of the foci divides the strains of infectious laryngo- 
tracheitis with which we have worked into  two  groups.  The  first 
comprises all the epizootic New South Wales strains and the American 
strain B.A.I.  The loci after 3 days incubation are usually 2 to 4 ram. 
in diameter and of characteristically irregular outline.  Adjacent foci 
readily fuse into confluent areas.  Two zones can be clearly seen in 
each focus, a  central necrotic area darker and slightly yellowish in 
colour, and a peripheral zone of active ectodermal proliferation whiter 
and more opaque.  Around the focus there is a  grey haze of cellular 
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duce  recognisably different focal lesions.  The  first lesions obtained 
were regarded as almost certainly due to fowl pox virus.  They show 
the same uniform fiat conical proliferation without the necrotic central 
ulcer of the first group.  The size of the foci varies considerably from 
egg  to  egg.  Though  large  forms  occur  there  is  a  distinctly lower 
average  diameter  than  is found with the New South  Wales strains. 
With undiluted material the confluent or semiconfluent lesions have 
the character which would be expected from fusion of the constituent 
foci.  In addition there is often free fluid lying on the surface of the 
membrane and always a considerable degree of oedematous thickening. 
If the eggs are left for 5 or 6 days after inoculation,  death of the 
embryo is usual, probably mainly from interference with respiration 
by the  large  membrane  lesion.  No  virus  has  been  detected  in the 
embryo organs in such instances. 
The histology of the lesions will not be discussed in detail.  With 
all strains  there is a  primary infection of ectodermal cells with asso- 
ciated proliferation  and the  appearance  of intranuclear  inclusions in 
almost every cell.  The stage of proliferation is followed by degenera- 
tive  vacuolation  or  massive  necrosis  of  the  infected  cells  and  the 
appearance  of inflammatory  mesodermal  changes.  The  New South 
Wales strains F  and  G show earlier and more extensive necrosis than 
the Victorian ones.  The piled up lesion of the latter strains contains 
many vacuolated and degenerate cells, but there is not the acute necro- 
sis and  desquamation  which occurs in  the  central  ulcerated  area  of 
F, G and B.A.L strain  lesions. 
Maintenance of Virulence  and Infectivity of Strains during  Passage on 
Egg Membranes 
Through  the  cooperation  of Dr.  Seddon  egg membrane  lesions of 
several  strains  were  tested  for  infectivity  in  susceptible  cockerels. 
The  membranes were removed to glycerol-saline and  packed  on ice during 
transit  to Glenfield Research Station, New South Wales.  On the following day 
emulsions were prepared  and intratracheal  inoculations performed. Three New 
South Wales strains F (25th egg passage), G (3rd passage) and Sa (2nd egg pas- 
sage), one Victorian $1 (14th egg passage) and the American strain  B.A.I.  (3rd 
passage) were tested.  Strains F, G, Sa and B.A.I. all produced severe infections, 
with two deaths amongst the 20 birds used.  The Victorian strain  $1 gave less 688  VIRUS  OF  INFECTIOUS LARYNGOTRACI-YEITIS 
regular results but all the fowls inoculated were subsequently immune to inocula- 
tion with virulent tracheal exudate of strain F infections. 
Birds  experimentally  inoculated with  strains  F,  G,  and  Sa and  B.A.I. were 
placed in contact with a normal fowl and in each case the contact bird developed 
symptoms, usually mild,  and  was subsequently  shown to be immune to intra- 
tracheal inoculation with active virus. 
TABLE  I 
Results  of Inoculating  Egg Membrane  Lesions  IntratracheaUy  in Susceptible  Fowls 
Virus F 
Saline emulsion 1: 3 
Glycerol-saline emulsion 
1:3 
1:30 
1:300 
1: 3000 
Symptoms 4th day  Peracute type* 
,,  ,,  •Death 
"  3rd  "  [4th day 
"  4th  "  "  " 
"  6th  "  "  " 
Nil 
Virus S1 
Saline emulsion 1 :  3 
Glycerol-saline emulsion 
1:3 
1:30 
1:300 
1:300 
Nil  Immune 14 days later 
Symptoms 6th day  "  14  "  " 
"  6th  "  "  14  "  " 
Nil  "  14  "  " 
? Slight symptoms 6th day  "  14  "  " 
* For description of clinical types of infectious laryngotracheitis as seen in the 
current epizootics in New South Wales, see Seddon and Hart (2). 
Details of the results of inoculation  with material from eggs infected 
with strains F  and S1  are shown in Table I. 
These  results  indicate  conclusively that  the filterable  agent propa- 
gated on the chorioallantoic membrane retains a full capacity to induce 
the typical disease in  young birds even after 25 passages. 
Technique  of "Pock  Counting"  Titrations  and  Limitations  of the Method 
The  immunological  experiments  to  be  described  are  based  on  the 
use  of the  number  of maeroscopically  visible  foci  (pock  count)  as  a 
measure  of  the  amount  of  active  virus  present.  In  principle  the 
method is closely analogous to the plating methods for titrating  bac- 
teriophages,  but  it  is  naturally  more  difficult  to  obtain  consistent 
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The use of measured quantities entails a slight modification of the egg inocula- 
tion technique described by Burner and Galloway (3).  Quantities of 0.05 cc. are 
dropped vertically on to the chorioallantoic membrane from a  capillary pipette 
previously calibrated to 0.05 cc. with a weighed drop of mercury.  Between each 
inoculation the pipette is sterilized by washing out in boiling distilled water and 
drying in a Bunsen flame.  In order to avoid loss of fluid on to the shell membrane, 
the opening in this is made more extensive than usual and a flap is held back by a 
needle point, while the inoculum is blown out on to the chorioallantoic membrane. 
Fully developed 12 day embryos only should be used. 
Eggs  are  opened  after  3  days  further  incubation.  The  inoculated  area  is 
removed with scissors, the cut being made about 5 ram. outside the margin of the 
artificial air space.  The membrane is then examined in saline against a dark back- 
ground and  the loci counted.  If there is any difficulty in making an accurate 
count the membrane is stretched out on black paper wet with formalin-saline for a 
few minutes and then returned to a Petri dish of saline.  The membrane lesions 
can be more readily examined and counted after this procedure. 
If the individual loci are fairly small, up to  100  can be counted on a  mem- 
brane, but with large foci any count over 40 or 50 will include a number of fused or 
semifused areas.  Sometimes a  fairly accurate estimate of the number of com- 
ponent loci in these areas can be made, but on other membranes a  fused area 
may show no indications of the individual loci and no estimate is possible.  In 
the tables an unqualified number indicates that the loci were readily counted and 
that any uncertainty would not make a greater difference than 5 per cent of the 
total count.  4- after a number signifies that although fused areas are present a 
combined count and estimate is possible which is probably within 20 per cent of 
the true value.  A  number followed by  +  is used to describe a  fairly common 
type of unsatisfactory membrane lesion in  which  the inoculum fails to spread 
satisfactorily.  There is a  central infected patch usually associated with a  non- 
specific ulcerated lesion, and a number of adjacent more or less discrete loci.  The 
number of loci which can be clearly distinguished is stated, but it is usually quite 
impossible to make any reasonable guess at the number of loci represented by the 
central area.  If care is taken to use eggs which as judged by transillumination 
have reached the full normal development corresponding to 12 days' incubation, 
fewer  of  these  unsatisfactory membranes  are  obtained.  Confluent  lesions  are 
indicated ++  +, semiconfluent  +  +, and eggs dead usually from bacterial con- 
tamination, without specific lesions, by the usual sign ~.  There must always be a 
number of uncontrollable factors in these titrations and a fair proportion of eggs 
give quite unusable results.  Fortunatdy, it is usually possible to tell from the 
character of the lesion whether the apparent count is likely to give a true measure 
of the virus content of the inoculum.  As an example of the limitations of the 
method a  fairly detailed account may be given of the results obtained when ten 
eggs  were  inoculated  with  0.05  cc.  amounts  of  a  normal  serum-dilute  virus 
mixture.  The  eggs were inoculated in  three batches immediately after mixing 
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period at room temperature.  The following counts are arranged in the order in 
which the eggs were inoculated. 
(1)  53+.  Isolated loci with a small  central fused lesion of perhaps 20 loci. 
(2)  57 +.  Large foci with heavy semiconfluent  accumulation at the center. 
(3)  A single fused central patch of small area and quite uncountable, probably 
due to failure of drop to spread. 
(4)  64.  Typical loci. 
(5)  89.  Well distributed large foci. 
(6)  62 4-.  Small loci with two semiconfluent patches near periphery. 
(7)  About  300  small  loci fairly well  distributed,  except for two  confluent 
patches.  Foci are of type expected at about 40 hours after inoculation and pre- 
sumably in large part represent secondary loci due to virus particles developed 
in the egg within the first 24 hours.  This is  the only egg inoculated with in- 
fectious laryngotracheitis in which this has been recognized, but the phenomenon 
is common on membranes inoculated with ectromelia or louping ill viruses. 
(8)  604-.  Large loci with one semiconfluent patch. 
(9)  47-t-.  Large moist patches at center, probably representing a fairly small 
number of loci. 
(10) Embryo dead, contaminated. 
Of the 10 eggs, 5 give countable membranes with 89, 64, 62, 60, 57 loci, 2 others 
are obviously of the same order 53 +, 47-t-, while 3 for different reasons are com- 
pletely unsatisfactory.  In another series of 8 eggs inoculated with a  uniform 
amount of virus the counts were 99, 95, 79, 65, 36: 25+, 25-t-, 16+.  The last 3 
eggs all showed large fused central lesions. 
Within the limits of experimental error the number of foci appearing 
is  directly  proportional  to  the  amount  of  virus  added.  Table  II 
shows the result of a detailed titration of an emulsion of strain B.A.I., 
the dilutions being made in  10 per cent normal fowl serum in saline. 
For this  experiment readings  were made  after 2  days incubation  in 
order that the smaller loci might allow counts to be made from the 
more concentrated suspensions. 
In this experiment the average count with 1: 1000 dilution is approxi- 
mately  one-eighth  that  of  the  1:100  dilution  instead  of one-tenth. 
The difference may well be fortuitous, but in one or two other instances 
a  similar tendency to high values in the more highly diluted samples 
is evident and it may mean that the relation between plaque count 
and bacteriophage concentration which was described by Dreyer and 
Campbell-Renton (4) is also exemplified in the present technique. 
These results are typical.  Sufficient material for statistical treat- 
ment  has  not  been  accumulated  but  a  reasonable  statement  of the F.  M'.  BURNET  691 
position seems to be that  if experiments  are done in  triplicate,  2 of 
the 3 eggs will probably show satisfactory counts and that the average 
count of the 2 will be within 50 per cent q- of the real count determined 
by the use of a  large number of eggs.  This is not a  high  degree of 
accuracy but it is a great deal more accurate than any current method 
of virus titration which does not use prohibitive numbers of animals. 
The  application  of this  technique  to  serum neutralisation  tests is 
obvious.  In practice  the usual procedure has been to use a  freshly 
prepared  supernatant  fluid from an infected egg membrane emulsion 
as  stock  virus.  This  is  mixed  usually  diluted  1:10  with  an  equal 
volume of the immune serum, and after standing for an hour at room 
temperature  0.05  cc.  quantities  are inoculated  into  developing eggs. 
A  dilution  in  saline  (1: 100)  mixed  with  known  normal  hen  serum 
TABLE  II 
Pock Counts Obtained  from 0.05 Cc. Inoculations of a Suspension of Virus B.A.I. 
in the Dilutions Shown 
Dilution of virus  Pock counts 
1:100  205, 184+, t 
1:200  108, 93q-, 46+ 
1:400  47q-, 48, 19 
1 : 1000  22, 29, 
provides one control, and a mixture of undiluted virus with a  known 
immune serum another.  All reagents are of course bacteriologically 
sterile. 
Antigenic Identity  of Laryngotracheitis Strains of Different Origin 
No evidence has been obtained to suggest any qualitative antigenic 
differences  amongst  the  strains  we  have  worked  with.  From  the 
appearance of the foci on egg membranes and from their known degree 
of virulence, the strains can be divided into two groups, the first com- 
prising  all  the  New  South  Wales  strains  and  the  American  strain 
B.A.I.,  and  the  second  the  two  Victorian  strains.  Antisera  were 
available  from  birds  immunised  either  naturally  or  experimentally 
with New South Wales virus and  from three  fowls which had  been 
inoculated intratracheaily with Victorian virus without showing syrup- 692  VIRUS  O1  ~  INFECTIOUS  LARYNGOTRACH'EITIS 
toms.  These,  initially  free  from  antibody,  developed  very  active 
antisera, one of which H5 was used in the experiments to be reported 
The two others were qualitatively similar.  It was found that serum 
H5 was a good deal more active than the New South Wales antiserum 
326 which was used in most experiments,  but,  if the  two sera were 
rendered comparable by using 326  undiluted and H5 diluted  1:5, no 
qualitative  differences could be  detected.  There  seems however, to 
be a  real  difference in  the  ease  with  which different  strains  can  be 
neutralised by serum, the  Victorian strains being more resistant than 
those  of  the  more  typical  group.  Table  III  shows the  result  of  a 
comparison between  strain F  (New South Wales) and strain  $2  (Vic- 
TABLE  III 
Cross Neutralisation Tests with New South Wales and Victorian Strains of Infectious 
Laryngotracheitis Virus 
Virus strain 
$2 
(Victorian) 
F 
(N.S.W.) 
'inal dilu 
tion 
1:2 
1:20 
1:800 
1:2 
1:200 
1:2000 
Serum and final dilution 
326 Anti-F (1:2) 
++, ++ 
41, 38, 37 
31, 20, 1004- 
H5 Anti-S2 (1:10) 
++, ++ 
55, 604-, 524- 
37, 55, 21 
Normal fowl (1:10) 
(4o,ooo) 
(40o0) 
106, 1004- 
(24,000) 
108+, 1374- 
22, 26 
torian)  the  same  sera being used and  the  conditions  of experiment 
similar. 
In this experiment both virus  strains were inactivated to a  greater 
extent than was observed in earlier experiments of the same type but 
the relative resistance of the Victorian strains has always been clearly 
evident.  The American strain and the other New South Wales strains 
resemble strain  F. 
The Process of Virus Inactivation  by Immune Serum 
The nature of the virus-immune serum interaction has been a  matter 
of controversy for many years.  On the whole there has been a general 
tendency  to  consider  the  reaction  as  resulting  in  a  loose  antigen- 
antibody  union  which  rendered  the  virus  particles  less  capable  of ~.  ~.  BU~T  693 
infecting susceptible cells and more readily removed by phagocytosis. 
It was generally recognised that no strictly virucidal effect of immune 
serum could be demonstrated.  Sabin  (5)  has recently attacked this 
point of view, mainly on the basis of experiments in which reactivation 
of apparently inactive virus-serum mixtures was obtained by simple 
high speed centrifugation with resuspension of the sedimented virus 
particles.  He holds that there is no evidence that antiserum has any 
effect on virus in vitro, its only action is to render the susceptible cells 
less ready to allow multiplication of the virus. 
In reading Sabin's papers or any other work dealing with vaccinia- 
serum titration on the  skin of the rabbit one is impressed with the 
unsatisfactory  character  of the titration  method.  The end-point is 
usually  a  small  erythematous  lesion  not  unlike  many  non-specific 
lesions and  a  small difference in individual judgment might readily 
result in the same experimental results being interpreted as showing 
no difference from the control or as showing a 90 per cent reduction in 
titre.  When the titration method uses the death of an animal as the 
end-point, individual variability will also usually leave a possible error 
of one tenfold dilution when the usual two animals to each dilution 
are used.  The use of a more accurate titration method therefore seems 
to be particularly needed in regard to this problem of the nature of 
the  virus-antibody reaction. 
The  only thoroughly satisfactory  quantitative  work in  this  field 
is that  of Andrewes and  Elford  (6)  on the bacteriophage-antiphage 
relationship.  While most bacteriologists still seem chary of accepting 
bacteriophages as truly autonomous viruses few will contest the state- 
ment that they behave in regard to susceptible bacteria exactly as if 
they were viruses, and one would expect that the effect of antisera 
would be very similar in the two cases.  The use of laryngotracheitis 
virus and the egg membrane technique allows experiments to be made 
along precisely similar lines to those adopted in bacteriophage work 
and an attempt has been made to determine whether the salient fea- 
tures established by Andrewes and Elford for bacteriophages hold for 
laryngotracheitis  virus  and  homologous antisera.  Their  chief  con- 
clusions  were:  (a)  The  inactivation  process  progresses  with  time, 
rapidly at first and then more slowly, but probably never reaching a 
permanent  equilibrium  value.  (b)  With  a  given  concentration  of 694  VIRUS  OF  INFECTIOUS  LARYNGOT1LACHEITIS 
serum the percentage of phage inactivated under uniform conditions 
is independent of the concentration of phage (the "percentage law"). 
(c)  With some phages reactivation by dilution can be demonstrated. 
(d)  Phages in the presence of small amounts of antiserum fail to pass 
membrane  filters  which  are  normally  readily  permeable  to  them. 
(e)  Partially inactivated phage when brought into contact with sus- 
ceptible bacteria only begins to multiply after a delay, for this reason 
producing  abnormally  small  plaques  on  agar.  All  of  these  points 
have been studied with laryngotracheitis virus. 
(1)  Time  Course  of Neutralisation  by Serum.--A  large number of 
experiments have been made with various strains of virus and different 
serum concentrations and all have shown that the neutralisation effect 
TABLE  IV 
Influence of Time of Contact in Vitro on Results of Inoculating Serum-Virus Mixtures 
Serum 
Normalfowl 
Immune 326 
Virus B. A. I. 
1:100 
Undiluted 
1:10 
Foci  obtained when mixtures were tested at the times shown 
Immediately 
60, t 
++,  ++,  (2-300) 
64, 51 
1 hr. 
8o, t 
8, 15 
2 hrs. 
76, 77, 12+, 20+ 
31 
is not immediately complete but runs a  course very similar to  that 
observed in bacteriophage work.  Mixtures of virus with normal serum 
retain their original titre for at least 3 or 4 hours at room temperature 
(see  section  3).  The  experiment,  a  protocol  of which is  given  in 
Table IV, is typical. 
With serum 326  four other experiments gave results of the same 
order.  With a  more active serum H5  the results were less striking, 
the great bulk of the inactivation being apparent in the "immediate" 
titration.  With an inoculum corresponding to about 3000 loci, serum- 
virus mixtures gave the following figures: immediately 9,9; at 1 hour, 
4,5,4;  at 3 hours 1,1. 
(2)  The Percentage Law of Andrewes and Elford.--It has been evident 
throughout that the number of loci produced with an immune serum 
was at least roughly proportional to the activity of the virus prepara- 
tion used.  Owing to the "dilution phenomenon" to be described in r.  ~.  BUR~-v.T  695 
the next section the percentage law can be tested over only a relatively 
small range of virus  concentrations, viz.  those giving with immune 
serum  a  countable number of loci  when  the  mixture is  inoculated 
undiluted on to an egg membrane.  Several experiments with different 
sera have all given results consistent with the view that the number 
of foci is within the limits of experimental error proportional to the 
concentration of virus.  Table  V  summarises  the most satisfactory 
of these experiments. 
(3)  Reactivation  by Dilution.--If  a  mixture of virus and immune 
serum after standing 1 hour at room  temperature is inoculated undi- 
luted on to egg membranes and portion of the remainder immediately 
TABLE  V 
Relation between Virus Concentration and the Number of Foci Produced  from Immune 
Serum-Virus Mixtures 
Serum final concen- 
tration 
Immune 1:4 
"  1:10 
Normal  1:4 
Time ol 
contact  1:2 
~;r$. 
1-1]  214-, 26, 8 
2~2½ 
3 
Final concentrations of stock virus emulsion in mixtures 
1:4 
11, 1+,  'f 
27, 25, 194- 
1:8 
5, 4, 2 
9, 12, 8+ 
1:16 
7, 44-, 5 
1:200 
40+,  62, 
64,  594-, 
16 
Virus: B.A.I.  (American) strain.  Serum: H5  from a fowl immunised with 
strain $2. 
diluted  1:10  in  saline  and  the  same  standard  volume  of  this  also 
inoculated into eggs, both counts are of the same order of magnitude. 
The following protocol illustrates this reactivation by dilution. 
Virus F undiluted plus serum 326 tested undiluted at 1 hour, 33, 36, 53 loci, 
the same mixture diluted I:10 in saline and tested at once, 40, 9+,  18+ loci. 
Virus diluted  1:100 plus normal serum 31,  38, 34 loci.  In another test  with 
similar reagents the undiluted mixture at 1 hour gave 27, 8 loci a 1:10 dilution 
from this 22, 4+ foci. 
(4)  Diminished Filterability of Virus in the  Presence of Small Con- 
centrations  of  Immune  Serum.--Two  glycerolated  egg  membranes 
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saline and nutrient broth (about equal parts of each).  The emulsion 
was centrifuged for  15 minutes in  a  small angle centrifuge  and the 
supernatant passed through a sand and paper pulp filter.  Two 5 cc. 
amounts of the filtrate were added respectively to 0.1 cc. of normal fowl 
serum and to 0.1 cc. of immune serum H5.  The mixtures were shaken 
and then placed in the refrigerator for an hour and a half. 
Two Elford type gradocol membranes of approximate A.P.D. 0.8 #, 
both discs cut from the same sheet, were set up and about 4 cc. of each 
mixture filtered.  Both showed some blocking of the filter, toward the 
end rather more with the immune serum than with the non-immune. 
As soon as filtration was complete, the membrane filtrates and the 
portions of the original sand and paper pulp filtrates which had been 
TABLE  VI 
Influence of Dilute Immune  Serum  on Filterability of Laryngotracheitis Virus 
Before mem- 
brane  filtra- 
tion 
After  membrane 
filtration 
Virus and normal serum 1: 50  Virus and immune serum I: 50 
Un~luted 
+++,+++ 
250=t=, 250=t= 
I:lO  l:I00 
(500), (500)  56, 33 
28, 11  1, 2 
Undiluted 
+++, ++ 
0, 0, 0 
1:10  1:100 
' 1704-,  26+  22 
O, 0 
retained, were chilled in iced water and tenfold dilutions made into 
cold saline containing a trace (Ringer proportions) of calcium chloride. 
Eggs were inoculated as soon as practicable thereafter.  The mem- 
brane lesion counts after 3  days' incubation are given in Table VI. 
Just as Andrewes and Elford found with bacteriophage-serum mix- 
tures, an amount of immune serum having very little effect on the 
infectivity of the  virus  completely prevents its  passage  through  a 
gradocol membrane filter normally permeable to it. 
(5)  Diminution  in Average Size  of Focus with Partially Inactivated 
Virus.--Membranes  which have been inoculated with incompletely 
inactivated virus-serum mixtures characteristically show loci of smaller 
and less uniform sizes than are obtained with the control preparations 
lacking immune serum.  Occasionally one finds weU developed, nearly 
uniform focl in such circumstances but far more commonly the mere- r.  ~.  BtrRNET  697 
branes have the appearance shown in Fig. 1.  One set of membranes 
illustrates a  titration with virus dilutions in normal serum and the 
other set the three membranes from the same experiment inoculated 
with virus partially inactivated by immune serum.  The appearance 
of the lesions is entirely compatible with the view that there is a vari- 
able and often considerable (1-2 days) delay before the effective virus 
particles  actually initiate the focal lesions. 
DISCUSSION 
The technique for propagating certain viruses on the chorioallantoic 
membrane of developing chicks by  Goodpasture and his  collabora- 
tors (7) is a method of great potential value in virus work.  Its present 
application to the study of laryngotracheitis infections as they occur 
in Australia has indicated its usefulness in this sphere.  Certain prob- 
lems must be studied directly on the susceptible animal, but a great 
deal of virus investigation will always consist of estimations of the 
amount of virus in a  given preparation or of the virus inactivating 
power of a given serum.  For such work the only requisite is a suitable 
indicator organism susceptible to the action of the virus, and for many 
viruses, particularly those responsible for bird infections, the egg mem- 
brane technique offers many advantages.  Laryngotracheitis virus is 
perhaps that for which its advantages are most easily demonstrable. 
In the first place it avoids the difficulties and expense of maintaining 
isolation between different experimental groups of birds and eliminates 
all  complications due to  unsuspected mild infections in  supposedly 
normal birds.  Within  the limits discussed above all eggs are  uni- 
formly susceptible even to weak viruses which almost regularly produce 
only inapparent infections in experimental birds, and which probably 
could not otherwise be studied.  The pock counting titration method 
allows quantitative experiments of much higher accuracy than could 
be attained with classical technique and the easy production of virus 
free from contaminating bacteria or other viruses might become of 
great value should vaccination of flocks become an economic necessity. 
Finally, our experience in Australia suggests that the use of the neu- 
tralisation  test  described is  a  necessary part  of any  survey of the 
extent  of  latent  laryngotracheitis infections amongst poultry.  Its 
application to such work will be described elsewhere. 698  VIRUS  OF  INFECTIOUS  LARYNGOTRACHEITIS 
The use of pock counting titration methods on the chorioallantoic 
membrane has not, so far as we are aware, been previously suggested. 
Gu~rin (8) made use of a method similar in principle for titrating vac- 
cinia virus by counting the pocks produced after cutaneous applica- 
tion of the diluted virus to the shaved skin of the rabbit.  Herzberg (9) 
titrated herpes virus by counting the number of focal lesions produced 
on the lightly scarified rabbit cornea with suitable virus dilutions and 
the same method has also been used by Bechold and Schlesinger (10). 
With those viruses such as laryngotracheitis virus for which it is suit- 
able, the egg membrane technique appears to be the most convenient 
and accurate method of titration at  present available,  and it may 
possibly become the method of choice for quantitative work on virus 
problems of a general nature.  The application of the method to other 
viruses is being investigated in this laboratory; vaccinia and infectious 
ectromelia of mice have given promising results. 
The experiments on the nature of the virus-antiserum interaction 
show that with this virus at least there is an in vitro reaction between 
the  two reagents which requires time to  reach  an  equilibrium and 
which renders the virus particles unable to pass through a membrane 
falter.  These  two  facts  in  themselves are  sufficient  to  show  that 
Sabin's contention that there is no interaction in vitro  between anti- 
body and virus particle is  not  applicable  to  the  virus of laryngo- 
tracheitis and hence cannot be generalised to  cover virus-antibody 
reactions in general.  Three other facts bring the neutralisation of 
laryngotracheitis virus by immune serum completely into line with 
the phage-antiphage reactions as investigated by Andrewes and Elford. 
These are: (a)  its adherence to the percentage law that with a given 
concentration of antiserum the degree of inactivation is independent 
of the concentration of virus;  (b)  reactivation by dilution is readily 
demonstrable, and (c) the average size of focus is much reduced with 
partially inactivated preparations. 
Any theoretical discussion of the nature of the reaction in this case 
must necessarily be along the same lines as were followed by Andrewes 
and Elford in their work on bacteriophage.  The hypothesis they put 
forward of an incomplete coating of antibody globulin on the phage 
particle seems to be readily enough applicable to the present reaction 
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tiveness of a given degree of coating to prevent infection by a virus 
particle varies from one susceptible tissue to another, and if the degree 
of coating with antibody molecules is wholly or in part determined 
by a reversible reaction depending on the concentration of free anti- 
body molecules, a reasonable interpretation of the phenomena is avail- 
able which is quite harmonious with current views in other fields of 
immunology (Marrack (11)). 
The resemblances between viruses pathogenic for animals and bac- 
teriophages have been adequately described by d'Herelle and many 
others.  The chorioallantoic membrane technique by offering an effec- 
tive if rather inaccurate plating method allows a further striking series 
of resemblances between virus pocks and bacteriophage plaques to be 
noted.  Even the detailed correspondence between phage and virus 
immunological reactions may only be indicative of superficial resem- 
blances but the cumulative psychological effect of the correspondence 
is considerable.  Studies of the fixation of viruses by susceptible cells 
carried out by Rous, McMaster and Hudack (12)  have established 
another point  of  resemblance between the  two  agents,  and,  taken 
along with the present immunological studies of what is probably a 
typical virus, they suggest strongly that the attack on susceptible cell 
or bacterium must follow very similar lines in each instance. 
.qD'~a~ A.RY 
(I)  The technique of chorioallantoic membrane inoculation has been 
applied to the study of the virus of infectious laryngotracheitis as it 
occurs amongst Australian poultry. 
(2)  When suitably diluted suspensions of virus are inoculated, iso- 
lated loci or pocks appear whose macroscopic form and histological 
structure is characteristic.  The numbers of these foci may be used 
as a measure of the amount of virus present. 
(3)  Two distinct types of focus are produced by laryngotracheitis 
strains, one being characteristic of epizootic strains from New South 
Wales and from America, the other of a Victorian strain which is of 
very low virulence for fowls. 
(4)  No qualitative antigenic differences can be detected amongst 
these strains but the epizootic strains are more readily neutralised by 
immune serum than the enzootic Victorian strain. 7OO  VIRUS  OF  INYECTIOUS  LARYNGOTRAC1TEITIS 
(5)  A study of the inactivation of the virus by immune serum shows 
that  (a)  the process of inactivation  requires time for its  completion 
in vitro;  (b)  the proportionate reduction in titre produced by a  given 
concentration of antiserum is independent of the initial virus concen- 
tration;  (c) reactivation by dilution is readily demonstrable;  (d) virus 
in the presence of small concentrations  of immune  serum producing 
only  a  slight  inactivating  effect is  rendered  incapable  of passing  a 
gradocol membrane  normally permeable to it;  (e)  the  loci produced 
from partially neutralised virus suspensions are smaller than normal, 
suggesting delay in the initiation  of foci. 
(6)  These  findings  bring  the  neutralisation  of a  typical  virus  by 
immune serum completely into line with the phage-antiphage reaction 
as described by Andrewes and Elford. 
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technique to the study of the current  epizootics of infectious laryngotracheitis~ 
for a liberal supply of virus material and immune sera and for testing the in- 
fectivity of egg virus material.  I have also had the benefit of the cooperation of 
Dr. H. E. Albiston, Director  of the Veterinary Research Institute of the Uni- 
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EXPLANATION  OF PLATE 46 
FIG.  I. Photograph of  egg  membrane lesions  produced  by the  virus  of  infectious 
laryngotracheitis. 
a, stock suspension diluted 1 : 10  with normal fowl serum; 
b,  "  "  "  1:100  ........ 
c,  "  "  "  1:1000  "  "  "  " 
d, e,f, serum 326 plus undiluted virus to show the influence of partial neutralisa- 
tion by serum on the appearance of the egg membrane lesions. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 63  PLATE 46 
FI6.  1 
(Burnet: Virus of infectious laryngotracheitis). 